We report the confirmation and mass determination of three hot Jupiters discovered by the Transiting Exoplanet Survey Satellite (TESS) mission: HIP 65Ab (TOI-129, TIC-201248411) is an ultra-short-period Jupiter orbiting a bright (V=11.1 mag) K4-dwarf every 0.98 days. It is a massive 3.213 ± 0.078 M J planet in a grazing transit configuration with impact parameter b = 1.17 +0.10 −0.08 . As a result the radius is poorly constrained, 2.03 +0.61 −0.49 R J . We perform a full phase-curve analysis of the TESS data and detect both illuminationand ellipsoidal variations as well as Doppler boosting. HIP 65A is part of a binary stellar system, with HIP 65B separated by 269 AU (3.95 arcsec on sky). TOI-157b (TIC 140691463) is a typical hot Jupiter with a mass 1.18 ± 0.13 M J and radius 1.29 ± 0.02 R J . It has a period of 2.08 days, which corresponds to a separation of just 0.03 AU. This makes TOI-157 an interesting system, as the host star is an evolved G9 sub-giant star (V=12.7). TOI-169b (TIC 183120439) is a bloated Jupiter orbiting a V=12.4 G-type star. It has a mass of 0.79 ± 0.06 M J and radius 1.09 +0.08 −0.05 R J . Despite having the longest orbital period (P = 2.26 days) of the three planets, TOI-169b receives the most irradiation and is situated on the edge of the Neptune desert. All three host stars are metal rich with [Fe/H] ranging from 0.18 -0.24.
Introduction
The Transiting Exoplanet Survey Satellite (TESS - Ricker et al. 2015) has since July 2018 surveyed the Southern and Northern hemispheres for exoplanets transiting bright stars. Based on the first year of observations in the south (Sectors 1 -13) a total number of 1117 TESS Objects-of-Interest (TOIs) (Guerrero et al. submitted) have been identified. Currently, 667 of these are still considered as planet candidates and 55 have been confirmed as new TESS-planets and 4 as transiting brown dwarfs (including studies in preparation and published results, see eg. Cañas et al. 2019; Jones et al. 2019; Esposito et al. 2019; Günther et al. 2019; Eisner et al. 2020; Díaz et al. 2020; Nielsen et al. 2020; Šubjak et al. 2019; Carmichael et al. 2020) . 146 of the TOIs from Sectors 1 -13 are previously known planets.
A recent study by Zhou et al. 2019 offers a first estimate of the occurrence rate of hot Jupiters discovered by TESS by analysing a sample of bright (T mag < 10) main sequence stars Louise.Nielsen@unige.ch observed by TESS. They find an occurrence rate of 0.40 ± 0.10% which is in agreement with statistics based on the Kepler mission (Fressin et al. 2013; Santerne et al. 2016 ). An even rarer sub-population of hot Jupiters are the ultra-short-period (USP) Jupiters with orbital periods shorter than 1 day. To date only 8 such planets are known; WASP-18b (Hellier et al. 2009 ); WASP-19b (Hebb et al. 2010) ; WASP-43b (Hellier et al. 2011 ); WASP-103b (Gillon et al. 2014) ; HATS-18b (Penev et al. 2016) ; KELT-16b (Oberst et al. 2017) ; NGTS-6b (Vines et al. 2019) and NGTS-10b (McCormac et al. 2020) .
Hot Jupiters, and in particular USP Jupiters, can offer insights into planet-star interactions such as photo-evaporation and atmospheric escape (Bourrier et al. 2020; Owen & Lai 2018; Murray-Clay et al. 2009 ), atmospheric structure and chemistry (Parmentier et al. 2018; Kataria et al. 2015; Kreidberg et al. 2014; Murgas et al. 2014 ) and tidal decay (Yee et al. 2020 ). These planets shape the upper edge of the Neptune desert (Mazeh et al. 2016; Szabó & Kiss 2011) which constitutes a dearth of sub-Jovian planets at short periods. The proposed Article number, page 1 of 16 arXiv:2003.05932v1 [astro-ph.EP] 12 Mar 2020 A&A proofs: manuscript no. Three_HJs_from_TESS mechanisms creating the desert are numerous, but can generally be regarded as a combination of three dominant processes; photo-evaporation stripping less massive planets of their outer layers (Lundkvist et al. 2016; Owen & Lai 2018) , availability of disk material during planet formation (Armitage 2007) and planet migration (Demangeon et al. 2018; Alexander & Armitage 2009 ).
Massive close-in planets also challenge current planet formation models; they represent the bulk of the mass and angular momentum in their systems while shaping their formation and evolution over time. An extreme case is NGTS 1b, a hot Jupiter around a M0 star (Bayliss et al. 2018) . Both in-situ formation and scenarios where the Jupiter is formed far out in the system followed by subsequent inward migration are still being considered in order to explain the presence of hot Jupiters (Bailey & Batygin 2018; Nagasawa et al. 2008) .
In this work, we present one USP and two hot Jupiters orbiting bright stars observed by TESS in its first year of operation. Table 1 lists the host stars stellar parameters. We model the systems self consistently with EXOFASTv2 using transit light curves and radial velocity (RV) measurements to obtain masses and radii for all three systems. Our analysis is based on radial velocity data from the high resolution spectrographs CORALIE on the Swiss 1.2 m telescope and FEROS on the 2.2 m MPG/ESO telescope, both in La Silla, Chile. In addition to the TESS data, we also utilise data from ground based photometric facilities that are part of the TESS Follow-up Observing Program; LCOGT, NGTS, CHAT, Trappist-South, IRSF, PEST, Mt. Stuart Observatory, MKO and Hazelwood Observatory. SOAR speckle imaging is used to rule out close stellar companions.
Observations
A summary of all the data used in the joint analysis of HIP 65Ab, TOI-157b and TOI-169b can be found in Table 2 . Additionally SOAR speckle imaging was used to rule out close stellar companions, as described in Sec. 2.4.
Discovery photometry from TESS
HIP 65A, TOI-157 and TOI-169 were all observed by TESS in multiple Sectors and announced as TOIs from Sector 1 by the TESS Science Office. HIP 65A (TOI-129, TIC 201248411) was observed with 2-min cadence in Sectors 1 and 2 from 2018-Jul-25 to 2018-Sep-20. TOI-157 (TIC 140691463) was observed in Sectors 1-8 in the full frame images (FFI) with 30-min cadence and in Sectors 9, 11, 12 and 13 with 2-min cadence. TOI-169 was observed in the FFIs in Sector 1 and later in Sector 13 with 2-min cadence.
For the Sectors with 2-min data available we use the publicly available Simple Aperture Photometry flux with Pre-search Data Conditioning (PDC-SAP) (Stumpe et al. 2014 Smith et al. 2012; Jenkins et al. 2010 ) provided by the Science Processing Operations Center (SPOC -Jenkins et al. 2016) . For the FFI data we utilised light curves produced by the MIT Quick Look pipe-line (QLP, Huang et al. in prep.) .
Follow-up spectroscopy with CORALIE & FEROS
HIP 65A, TOI-157 and TOI-169 were observed with the high resolution spectrograph CORALIE on the Swiss 1.2 m Euler telescope at La Silla Observatory (Queloz et al. 2001b ). CORALIE is fed by a 2 fibre and has a resolution of R = 60, 000. Radial velocities (RVs) and line bisector spans were calculated via cross-correlation with a G2 binary mask, using the standard CORALIE data-reduction pipeline.
The three systems were also monitored with the FEROS spectrograph (Kaufer & Pasquini 1998 ) mounted on the MPG 2.2m telescope installed at La Silla Observatory. FEROS has a spectral resolution of R = 48, 000 and is fibre fed from the telescope. Observations were performed with the simultaneous calibration mode where a second fibre is illuminated by a Thorium-Argon lamp in order to trace the instrumental radial velocity drift. 17, 2, and 10 FEROS spectra were obtained for HIP 65A, TOI-157 and TOI-169, respectively. FEROS data were processed with the CERES pipeline (Brahm et al. 2017) , which delivers precision radial velocities computed via the cross-correlation technique.
The first few RV measurements were used for reconnaissance, to check for a visual or spectroscopic binary. Once a significant change in RV had been identified to be consistent with the ephemerides provided by TESS we commenced intensive follow-up observations. The RVs from both CORALIE and FEROS are listed in Appendix A (online version only). In Figs. 8, 10 and 12 we plot the RV time series along with our best-fit from the joint analysis (Sec. 4).
To ensure that the RV signal does not originate from cool stellar spots or a blended eclipsing binary, we checked for correlations between the line bisector span and the RV measurements (Queloz et al. 2001a) . We found no evidence for correlation for any of our targets.
Follow-up photometry
We acquired ground-based time-series follow-up photometry of HIP 65A, TOI-157 and TOI-169 as part of the TESS Followup Observing Program (TFOP) to attempt to (1) rule out nearby eclipsing binaries (NEBs) as potential sources of the TESS detection, (2) detect the transit-like event on target to confirm the event depth and thus the TESS photometric deblending factor, (3) refine the TESS ephemerides, (4) provide additional epochs of transit centre time measurements to supplement the transit timing variation (TTV) analysis, and (5) place constraints on transit depth differences across optical filter bands. We used the TESS Transit Finder, which is a customised version of the Tapir software package (Jensen 2013) , to schedule our transit observations.
Las Cumbres Observatory Global Telescope (LCOGT)
Five, four, and three full transits of HIP 65A, TOI-157 and TOI-169, respectively, were observed using the Las Cumbres Observatory Global Telescope (LCOGT) 1.0-m and 0.4-m network (Brown et al. 2013) (Henden & Munari 2014) . Spectral type is based on T eff from global modeling (see Section 4) and Table 5 in Pecaut & Mamajek (2013) .
HIP 65A was observed five times using the SSO 1.0-m network node on 2018-Sep-7 in Pan-STARSS z-short band, 2018-Sep-13 in B-band and i -band, and 2018-Sep-14 in B-band and i -band. The HIP 65Ab transit was detected on-target using photometric apertures with radius as small as 1 . 2. Since the typical stellar FWHM in the images is 2 . 1, most of the flux from the closest Gaia DR2 neighbour 3 . 95 to the Northwest, which is 4.4 magnitudes fainter in TESS band, was excluded from the followup target star aperture. Thus, all known neighbouring Gaia DR2 stars are ruled out as the source of the on-target transit detection.
TOI-157 was observed using the SAAO 1.0-m network node on 2018-Sep-15 in i -band, two times using the CTIO 1.0-m network node on 2018-Sep-8 in g -band and i -band, and one time using the CTIO 0.4-m network node on 2018-Sep-21 in i -band. The TOI-157 transit was detected on-target using photometric apertures with radius as small as 4 . 7, which rules out all known neighbouring Gaia DR2 stars as the source of the transit detection.
TOI-169 was observed using the SAAO 1.0-m network node on 2018-Sep-11 in i -band, the CTIO 1.0-m network node on 2018-Sep-13 in g -band, and the SAAO 0.4-m network node on 2018-Sep-26 in i -band. The TOI-169 transit was detected ontarget using photometric apertures with radius as small as 2 . 7, which rules out all known neighbouring Gaia DR2 stars as the source of the transit detection.
Next Generation Transit Survey (NGTS)
Two full transits of HIP 65Ab were observed using the Next Generation Transit Survey (NGTS Wheatley et al. 2018 ) on the nights UT 2018-Nov-30 and 2018-Dec-02. On both nights, a single 0.2 m NGTS telescope was used. Across the two nights, a total of 2422 images were obtained using the custom NGTS filter (520 -890 nm) and an exposure time of 10 seconds. We had sub-pixel level stability of the target on the CCD, thanks to the telescope guiding performed by the DONUTS algorithm (Mc-Cormac et al. 2013) . The data reduction was performed using a custom aperture photometry pipeline. For the reduction, comparison stars, which were similar to HIP 65A in both apparent magnitude and colour, were automatically selected.
Chilean-Hungarian Automated Telescope (CHAT)
A full transit of TOI-169 was obtained with the 0.7 m Chilean-Hungarian Automated Telescope (CHAT) installed at Las Campanas Observatory in Chile. The observations took place on the night of 2018-Oct-01, using the sloan i filter and an exposure time of 130 s. The 60 science images where processed with a dedicated pipeline which is an adaptation of the routines developed for the processing of photometric time series with LCOGT facilities (see Hartman et al. 2019; Jordán et al. 2019; Espinoza et al. 2019 ). This pipeline automatically determines the optimal aperture for the photometry, which was 7 pixels in this case (4 . 2). The obtained per point precision was 1100 ppm, which was enough to detect the ≈6 mmag transit, confirming that this was the source of the signal detected by TESS. 
. TRAPPIST-South
TRAPPIST-South at ESO-La Silla Observatory in Chile is a 60 cm Ritchey-Chretien telescope, which has a thermoelectrically cooled 2K × 2K FLI Proline CCD camera with a field of view of 22 × 22 and pixel-scale of 0.65 arcsec pixel −1 (for more detail, see Jehin et al. 2011; Gillon et al. 2013 ). We carried out a full-transit observation of TOI-169 on 2018-Nov-03 with B filter with an exposure time of 50 s. We took 220 images and made use of AIJ to perform aperture photometry. The optimum aperture being 7 pixels (4 . 55) and a PSF of 2 . 80. We confirmed the event on the target star and we cleared all the stars of eclipsing binaries within 2.5 arcmin around the target star.
Infrared Survey Facility (IRSF)
TOI-157 was observed with the Infrared Survey Facility (IRSF) 1.4 m telescope located in Sutherland, South Africa on UT 2018-Oct-7. We used the Simultaneous Infrared Imager for Unbiased Survey (SIRIUS: Nagayama et al. 2003 ) camera for the observation, which is equipped with two dichroic mirrors and can take J, H, and K s bands simultaneously with three 1K×1K HgCdTe detectors. On the observing night, the K s band detector had a trouble, and only J and H band data were useful. We took 300 frames for each band with an exposure time of 60 seconds. We used a position locking software introduced in Narita et al. (2013) during the observation. We applied a dedicated pipeline for the SIR-IUS data 1 to make sky flats. Dark subtraction, flat fielding, and subsequent standard aperture photometry were done with a customised pipeline by Fukui et al. (2011) .
Perth Exoplanet Survey Telescope (PEST)
We observed a full transit of HIP 65Ab on UTC 2018-Sep-14 in V-band from the Perth Exoplanet Survey Telescope (PEST) near Perth, Australia. The 0.3 m telescope is equipped with a 1530 × 1020 SBIG ST-8XME camera with an image scale of 1 . 2 pixel −1 resulting in a 31 × 21 field of view. A custom pipeline based on C-Munipack 2 was used to calibrate the images and extract the differential photometry, using an aperture with radius 10 . 6. The images have typical stellar point spread functions (PSFs) with a FWHM of ∼ 4 .
Mt. Stuart Observatory
We observed a full transit of TOI-157 on UTC 2018-Oct-18 in g -band from Mt. Stuart near Dunedin, New Zealand. The 0.32 m telescope is equipped with a 3072 × 2048 SBIG STXL6303E camera with an image scale of 0 . 88 pixel −1 resulting in a 44 × 30 field of view. AIJ was used to calibrate the images and extract the differential photometry with an 8 . 8 aperture radius. The images have typical stellar PSFs with a FWHM of ∼ 5 .
Mt. Kent Observatory (MKO)
We observed a full transit of HIP 65Ab on UTC 2018-Sep-10 in r -band from Mt. Kent Observatory (MKO) near Toowoomba, Australia. The 0.7-m telescope is equipped with a 4096 × 4096 Apogee Alta F16 camera with an image scale of 0 . 41 pixel −1 resulting in a 27 × 27 field of view. AIJ was used to calibrate the images and extract the differential photometry with a 3 . 3 aperture radius. The images have typical stellar PSFs with a FWHM of ∼ 2 .
Hazelwood Observatory
Hazelwood Observatory is a backyard observatory located in Victoria, Australia. Photometric follow-up data for TOI-157 was obtained on 2018-Oct-22 and 24 in the Ic band, using a 0.32m Planewave CDK telescope and SBIG STT3200 CCD camera, with 2148 x 1472 pixels (FoV 20 x 13 ). The observations on 2018-Oct-22 covered a full transit with some observations missing near ingress and at mid-transit due to passing cirrus cloud. The observations taken on 2018-Oct-24 were not continuous due to passing cirrus cloud. The frames were corrected for Bias, Dark and Flat Fields using MaximDL. Differential photometry was extracted using AIJ.
SOAR speckle imaging
TESS is in-sensitive to close companions due to its relatively large 21 pixels. Companion stars can contaminate the photometry, resulting in an underestimated planetary radius or may be the source of an astrophysical false positive. We searched for previously unknown companions to HIP 65A, TOI-157 and TOI-169 with SOAR speckle imaging (Tokovinin 2018) on UT 2018-Sep-25 and UT 2018-Oct-21, observing in a similar visible bandpass as TESS. Further details of the observations are available in Ziegler et al. (2019) . We did not detect any nearby stars to the three host stars within 3 . The 5σ detection sensitivity and the speckle auto-correlation function from the SOAR observations are plotted in Fig. 1 .
Spectral analysis
Stellar atmospheric parameters, including effective temperature, T eff , surface gravity, log g, and metalicity, [Fe/H], were derived using SpecMatch-emp (Yee et al. 2017 ) on stacked FEROS spectra for HIP 65A and TOI-169. For TOI-157, we ran SpecMatchemp on stacked CORALIE spectra. SpecMatch-emp matches the input spectra to a vast library of stars with well-determined parameters derived with a variety of independent methods, e.g., interferometry, optical and NIR photometry, asteroseismology, and LTE analysis of high-resolution optical spectra. We used the spectral region around the Mg I b triplet (5100 -5340 Å) to match our spectrum to the library spectra through χ 2 minimisation. A weighted linear combination of the five best matching spectra were used to extract T eff , R s and
The projected rotational velocity of the star, v sin i, was computed using the calibration between v sin i and the width of the CORALIE CCF from Santos et al. (2002) . The formal result was smaller than what can be resolved by CORALIE, and we can therefore only establish an upper limit of 2.5 km s −1 .
Joint analysis of transit light curves and RVs
The planetary and stellar parameters for the three systems were modelled jointly and self-consistently using the TESS discovery light curves, followup photometry and radial velocities measurements from FEROS and CORALIE. We use the most recent version of EXOFASTv2 (Eastman et al. 2019 (Eastman et al. , 2013 , which can fit any number of transits and RV sources while exploring the vast parameter space through a differential evolution Markov Chain coupled with a Metropolis-Hastings Monte Carlo sampler. Builtin Gelman-Rubin statistic (Gelman & Rubin 1992; Gelman et al. 2003; Ford 2006 ) is used to check the convergence of the chains. We ran EXOFASTv2 until convergence, and discarded the first chains which have χ 2 above the median χ 2 as the 'burn-in' phase, not to bias the final posterior distributions toward the starting point.
At each step in the MCMC, we evaluate the stellar properties and limb darkening coefficients by interpolating tables from Claret & Bloemen (2011) . The analytic expressions from Mandel & Agol (2002) are used for the transit model and a standard single Keplerian orbit for the RV signal. Four parameters are fitted for the star T eff , [Fe/H], log M * and R * . We applied Gaussian priors on T eff and [Fe/H] from the spectral analysis, presented in Sec. 3. Stellar density is determined from the transit light curve. The Gaia DR2 parallax was used along with SED-fitting of the broad band photometry presented in Table 1 to constrain the stellar radius further. We set an upper limit on the V-band extinction from Schlegel et al. (1998) Knapp & Nanson (2018) FEROS) for the systemic velocity and RV-jitter. For the transit light curves a set of two limb darkening coefficients for each photometric bands are fitted along with the base line flux and variance of the light curve. The TESS PDC-SAP and FFI data were modelled separately to account for different error-properties.
To avoid Lucy-Sweeney bias of the eccentricity measurement (Lucy & Sweeney 1971) we constrain the eccentricity to be zero. To test for possible non-circular orbits, we run a separate MCMC with no constraint on the eccentricity. The data for HIP 65Ab, TOI-157b and TOI-169b are all consistent with circular orbits. We adopt median values of the posterior distributions and 68% confidence intervals for the models with eccentricity fixed to zero as the final parameters presented in Table 5 , while quoting the 2 σ upper limit of the eccentricity.
Stellar rotation and activity for HIP 65A
The PDC-SAP light curve for HIP 65A showed significant stellar variability attributed to star spots coming in and out of view as the star rotates, see Fig. 2 . Using a Lomb-Scargle periodogram we find a rotation period of P rot = 13.2 +1.9 −1.4 days. We flatten the light curve by fitting third order polynomials to chunks of the light curve while masking the transits. This type of spline filtering acts as a simple low pass filter (see e.g. Armstrong et al. 2016) . The expected impact of stellar activity for a K-star with P rot = 13.2 days on the RVs is on the order of ∼ 10m s −1 (Suárez Mascareño et al. 2017 . This is comparable to the uncertainty on the FEROS RVs and much smaller than the uncertainties of the CORALIE data. We find no correlation between RVresiduals to the best-fit model and stellar activity indicators, such as bisector span, FWHM of the CCF, Hα-index. We do thus not perform any correction for stellar activity.
Stellar companion to HIP 65A
HIP 65A is part of a visual binary separated by 3.95 on the sky. The two stars are associated with similar proper motion and parallax (Gaia Collaboration et al. 2018) , as illustrated in Fig. 3 . We denoted them HIP 65A and HIP 65B. Their angular separation on sky corresponds to 245 AU. HIP 65B is a M-dwarf with T eff = 3713 +994 −290 K according to Gaia DR2. The work by Anders et al. (2019) presents more detailed modelling of Gaia stars including HIP 65B. They present a refined effective temperature of 3861 +183 −259 K and mass of 0.30 +0.003 −0.05 M . Table 3 summarises the fundamental properties of HIP 65B.
The blending effect from the HIP 65B star was not taken into account when producing the PDC-SAP light curve, as the star was not included in the TESS input catalog version 7 (TICv7, Stassun et al. 2018) which was used to correct the normalised light curve for dilution. TICv8 (Stassun et al. 2019 ) does include HIP 65B which has T = 14.30 mag, which means it is fainter than HIP 65A by ∆T = 4.4 mag. The effect of dilution is small, but non-negligible. Therefore we fit dilution parameters for this target in all photometric bands, assuming all follow-up light curves include light from both stars. For the TESS band we use the TESS magnitude to compute the dilution factor. For the photometric bands in which the follow-up light curves were taken we use the Tycho V-band magnitude along with expected magnitude differences from Pecaut & Mamajek (2013) for a star with the given T eff .
Orbital analysis of HIP 65A and HIP 65B using Gaia
Gaia DR2 measured precise positions and proper motions for HIP 65A and HIP 65B, so we derived orbital element constraints from these measurements using the Linear Orbits for the Impatient algorithm (LOFTI; Pearce et al., submitted to ApJ). LOFTI uses rejection sampling to determine orbital element posterior probability distributions for stellar binaries derived from Gaia DR2 positions and proper motions. We ran LOFTI on the relative Gaia measurements for HIP 65B relative to HIP 65A until the rejection sampling algorithm had accepted 50,000 orbits, comprising our posterior orbit sample.
The Gaia measurements for the pair are not precise enough to constrain the orbital elements to a high degree. Additionally, HIP 65B has a slightly elevated Renormalised Unit Weight Error (RUWE) of 1.28, whereas RUWE < 1.2 indicates a well-behaved Gaia astrometric solution (Lindegren 2018) , so the assumption of a pair of single stars on a Keplerian orbit may not be appropriate. Nevertheless, our results provide some meaningful limits on the orbital architecture of the system, as presented in Table 4 . We find inclinations 109.2 • < i < 161.9 • comprise the majority of the posterior, making edge-on inclination consistent with HIP65Ab highly unlikely. Low eccentricity (e < 0.5) and periastron > 75 AU orbits are preferred.
Phase curve analysis for HIP 65Ab
A TESS phase folded light curve of HIP 65Ab is shown in Fig. 5 with the eclipses removed. The data are phase-folded with the orbital period and averaged into 100 bins that are ∼14 minutes long, each with the contributions of about 350 individual flux measurements. For the individual flux measurements, we measure an rms scatter in the data points of 980 ppm, and thus the statistical uncertainty in each bin of the light curve is approximately 53 ppm. A casual inspection shows that the light curve exhibits a characteristic orbital phase curve.
We fit sines and cosines of ωt and 2ωt to the out-of-transit light curve, where ω is the angular frequency of the orbit, to represent various physical effects (see e.g. van Kerkwijk et al. 2010; Carter et al. 2011; Shporer 2017; Niraula et al. 2018; Shporer et al. 2019) . We limited ourselves to just these four terms given the limited statistics in our folded out-of-eclipse light curve. The red curve in Fig. 5 cos 2ωt term to approximate the bulk of the ellipsoidal variations ('ELVs'); and the orange curve is the sin ωt term for the Doppler boosting effect (Loeb & Gaudi 2003; van Kerkwijk et al. 2010 ). The three terms were detected at the 12, 7, and 3.4 σ confidence levels, respectively, and there was no statistically significant amplitude for a sin 2ωt term, where no physical effect is expected.
We next utilised the amplitudes of the ELV and Doppler boosting terms to make an independent determination of the planetary mass. in front of the q(R p /a) 3 sin 2 i term of 1.25 ± 0.25, where K RV is the orbital radial velocity semi-amplitude of the host star, q the planet to host star mass ratio, and a is the orbital radius of the planet. Since we know the mass of the host star and the orbital inclination to ∼ 1 • , either the Doppler boosting or ELV measurement, in principle, determines the planetary mass. We therefore carried out a Monte Carlo evaluation of the overall uncertainty in the planet mass using both measurements (Joss & Rappaport 1984) . From this analysis we find M p = 3.4 ± 0.6 M J , which is in agreement with RV-derived mass of 3.213 ± 0.078 M J . Finally, in regard to the out-of-transit light curve of HIP 65Ab, we explored what we can learn from the illumination term which has an amplitude of 57 ppm. Because the estimated equilibrium temperature of the planet at the sub-stellar point is likely 1400 K, we neglect any contribution from the thermal emission of absorbed and reprocessed radiation from the host star. We find that if the Bond albedo of the facing hemisphere of the planet is allowed to be in the range of 0 − 0.5, then the resultant likelihood distribution of planet radii, as inferred from the illumination term, is close to 1 R J . On the other hand, if the geometric albedo is constrained to be 0.1, then the peak of the radius distribution is close to our transit-based estimate of 2 R J . This low albedo is quite consistent with the results found recently for WASP-18b ).
Results and discussion
For each system we list the final stellar and planetary parameters in Table 5 with 1 σ errors. Figures 6 through 12 show the final joint model fitted to the discovery and follow-up data.
HIP 65Ab
HIP 65Ab is an ultra short period (P = 0.98 days) Jupiter with mass 3.213 ± 0.078 M J . Its radius, R = 2.03 +0.61 −0.49 R J , is poorly constrained as the transit is extremely grazing with impact parameter b = 1.169 +0.095 −0.077 . The planet is thus barely transiting with less than half its disk covering the host star during transit. The V-shaped, relatively shallow, transit model can be seen in Figs. 6 and 7 plotted along with the follow-up light curves and TESS data. Figure 12 shows the phase folded RVs showing the large semi-amplitude of 754 ± 5 m s −1 .
HIP 65A is found to be a bright (V = 11.1) main sequence K-star with T eff = 4590 ± 49 K, R * = 0.724 ± 0.009 R and M * = 0.781 ± 0.027 M . We find clear signs of stellar rotation in the TESS light curve corresponding to a rotation period of P rot = 13.2 +1.9 −1.4 days. HIP 65A has an associated stellar companion, HIP 65B, separated by 3.95 with similar distance and proper motion. Based on Gaia DR2 data we conclude that HIP 65B is an M-dwarf separated by 269 AU. With such a separation and high mass ratio q = 0.38 the protoplanetary disk is not expected to be affected by the presence of the stellar companion (Artymowicz & Lubow 1994; Patience et al. 2008) .
The orbital analysis of HIP 65A+B using Gaia measurements indicates that the mutual inclination is less than 0.5. This still includes orbital solutions where the the Lidov-Kozai mechanism is invoked, which could be used to explain the architecture of the system (Lidov 1962; Kozai 1962) . A requirement for such a process to occur is that the mutual inclination between the two orbits at high period ratio is large enough. From then, the angular momentum exchange between the two orbits will induce phase-opposed oscillations of the eccentricity and inclination of the inner orbit. At high eccentricity phases, tidal dissipation will take place during the periastron passages, leading the orbit of the planet to shrink. This mechanism was already successfully introduced to explain the observations of planets in binary systems (e.g. Wu & Murray 2003; Fabrycky & Tremaine 2007) .
Measuring the spin-orbit misalignment between the central star and the inner planet could help at selecting the mechanism responsible for the current architecture of the system. If a significant misalignment is found, the Lidov-Kozai mechanism will be favoured. If, on the other hand, the spin axis of the star is aligned with the normal to the inner orbit, then the Lidov-Kozai mechanism will be excluded because the planet would not have been misaligned from its original orbit. Figure 13 shows mass and radius for known exoplanets with HIP 65Ab, TOI-157b and TOI-169b over-plotted in blue. HIP 65Ab does appear to have an unusually large radius but this measurement might be overestimated due to the grazing nature of the transit. Close in gas planets are found to be inflated, as the proximity to the host star can inhibit thermal contraction (Baraffe et al. 2010; Batygin & Stevenson 2010) . As seen in Fig. 14  HIP 65Ab receives 642 times more insolation flux than that of the Earth. Given the mass and insolation flux it is unlikely that HIP 65Ab is larger than 1.5 R J .
The effects of the large planetary mass and radius, relative to the host star, are evident in the TESS light curve. Our analysis of the phase curve yields an illumination effect amplitude of 57.5 ± 4.7 ppm, ELV amplitude 30.0 ± 4.7 ppm, as well as Doppler boosting effect 15.4 ± 4.5 ppm. The mass derived on the basis of the two latter terms is 3.4 ± 0.6 M J , in agreement with the independently derived RV-mass. We estimate the geometric Bond albedo to be 0.1, but cannot constrain it further due to large uncertainties on the radius. A study by Wong et al. (in prep.) presents a systematic phase curve analysis of TOIs for the first year of TESS operation, which are in agreement with our results.
TOI-157b
TOI-157b is an inflated hot Jupiter with orbital period P = 2.08 days, mass 1.18 ± 0.13 M J and R = 1.29 ± 0.02 R J . The photometry from the ground-based follow-up and TESS is presented in Fig. 9 . The RVs are shown in Fig. 10, FEROS RVs which where not used in the analysis in the end, as they do not help constrain the amplitude of the RV curve when fitting an offset between CORALIE and FEROS.
The host star TOI-157 is a slightly evolved G-type subgiant with T eff = 5398 ± 67 K, R * = 1.17 ± 0.02 R and M * = 0.95 ± 0.02 M . Through modelling the star with MIST we compute an age of 12.9 +0.69 −1.4 Gyr. Given the evolved nature of TOI-157, the planet receives a considerable amount of insolation flux; 1032 times that of Earth, corresponding to an equilibrium temperature of 1588 ± 20K. TOI-157b has a separation of just 0.03 AU to its sub-giant host star. Planets orbiting closein (a < 0.5 AU) to evolved stars are very rare (Frink et al. 2001; Johnson et al. 2010; Jones et al. 2011 ) though TESS has provided several new detections around subgiants (TOI-120b, TOI-172b and TOI-197b: Nielsen et al. 2019; Brahm et al. 2019; Rodriguez et al. 2019; Huber et al. 2019; Wang et al. 2019 ).
TOI-169b
TOI-169b has the longest period of the three planets presented in this study with P = 2.26 days. It is a low-mass hot Jupiter with mass 0.79 ± 0.06 M J and radius R = 1.086 +0.081 −0.048 R J . TOI-169 is found to be a main sequence G1-star with T eff = 5880 ± 50 K, R * = 1.288 ± 0.020 R and M * = 1.1477 +0.069 −0.075 M . Despite having the longest orbital period of the three planets presented in this study, TOI-169b receives the highest insolation flux; 1403 times that of Earth, corresponding to an equilibrium temperature of 1715 ± 21K. Figure 14 shows the known population of exoplanets plotted in insolation-radius space. TOI-169b is located right at the edge of the Neptune desert. Given its irradiation, TOI-169 is unusually dense, which could support a scenario of the atmospheric volatile layer being stripped away by photo-evaporation, to a point where the self-gravity of the planet is strong enough to withstand the atmospheric escape (Lopez & Fortney 2014; Mordasini et al. 2015) . During this process, less massive planets could completely lose their outer layer and end up as a naked core at the bottom of the desert (Owen & Lai 2018) , thus joining the large population of mainly Kepler planets seen in Fig. 14. 
Conclusions
We have presented the discovery and mass determination of three new Jovian planets HIP 65Ab, TOI-157b and TOI-169b from the TESS mission. We based our analysis on both 2-min cadence and FFI data from TESS spanning multiple Sectors in the first year of operations as well as numerous ground-based photometric observations. Light curves were modelled jointly with RVs from the CORALIE and FEROS spectrographs. Using SOAR speckle imaging we rule out close stellar companions for all three host stars.
HIP 65Ab is an ultra short period massive hot Jupiter with a period of 0.98 days, orbiting one component of a stellar binary. Despite the proximity to its host star, HIP 65Ab receives the least amount of radiation out of the three planets presented in this study. TOI-157b and TOI-169b both receive more than 1000 times the Earth's insolation flux. TOI-157b orbits a subgiant star with a 0.03 AU separation. TOI-169b is bordering the Neptune desert and can thus help solve the conundrum of which mechanisms are responsible for the shortage of close-in giant planets. 
